um-labeled streptavidin, the sensitivity was improved from that of simple europium-labeled antibody; the detection limit was 0.01 to 0.025 mIU/ml. 8, [16] [17] [18] [19] In the enzymatically amplified TR-FIA using salicylic acidterbium-EDTA ternary complex and biotin-streptavidin system, the detection limit was 0.003 mIU/ml. 20 Our recent study on the labeling format shows that using streptavidin-bovine serum albumin (SA-BSA) conjugate labeled with BHHCT-Eu 3+ gives higher sensitivity than using simple labeled-SA. 15 In the present study, we therefore attempted to use SA-BSA labeled with BHHCT-Eu 3+ in TR-FIA of human serum TSH. Owing to the strongly fluorescent BHHCT-Eu 3+ label, detection limit of the present method is 1.9´10 -3 mIU/ml, which is a distinct improvement compared to those of the conventional RIA, EIA, and TR-FIA using other europium chelates.
Experimental

Apparatus and materials
The 96-well microtiter plate used was Fluoro Nunc modules plates. Fluorometric measurement was carried out on a Arcus 1232 time-resolved fluorometer with the measurement conditions; delay time, 0.20 ms; window time, 0.40 ms. Human TSH was from UCB-Bio-products S.A. The TSH standard solutions were prepared by dilution with 0.05 M Tris-HCl buffer of pH 7.8 containing 5% BSA, 0.1% NaN 3 , and 0.9% NaCl. The SA-BSA labeled with BHHCT was prepared according to the previously reported method. 15 Human serum samples were collected from healthy people and were stored at -20˚C before measurement. Anti-human TSH a-subunit monoclonal antibody was from Leinco Technologies, Inc. (1.0 mg/ml, Affinity, 4´10 10 ; Clone, 171; Class, Murine IgG). Anti-human TSH b-subunit monoclonal antibody was from Mitsubishi Chem. Co.
Preparation of biotinylated anti-TSH a-subunit antibody
To ca. 1.5 ml of anti-TSH a-subunit monoclonal antibody solution, which had been prepared by repeated dialysis for 24 h of 1 ml of anti-TSH a-subunit monoclonal antibody solution against 3 l of saline NaCl at 4˚C, was added 12.5 mg of NaHCO 3 as a solution of ca. 0.1 M. To the solution was added 5 mg of sulfosuccinimidyl-6-(biotinamido)hexanoate (NHS-LC-Biotin, Pierce Chem. Co.); after the solution was stirred for 1 h at room temperature, it was incubated for 24 h at 4˚C. The solution was twice dialyzed at 4˚C for 24 h, each against 3 l of 0.1 M NaHCO 3 containing 0.25 g of NaN 3 . To the solution was added 10 mg of BSA, and the solution was stored at -20˚C. The solution was diluted 500-fold, when it is used in immunoassay, with 0.05 M Tris-HCl buffer of pH 7.8 containing 0.2% BSA, 0.1% NaN 3 , and 0.9% NaCl.
Immunoassay of TSH
The anti-TSH b-subunit antibody solution was diluted to 25 mg/ml with 0.1 M carbonate buffer of pH 9.6. To each well, 100 ml of the solution was added and incubated at 4˚C for 24 h. The wells were rinsed twice with 0.05 M Tris-HCl buffer of pH 7.8 containing 0.05% Tween 20 (buffer 1) and once with 0.05 M Tris-HCl buffer of pH 7.8 (buffer 2). The coated plate was stored at -20˚C before use.
To the coated well was added 50 ml of either TSH standard solution or serum sample; after 2 h incubation at 37˚C, the well was rinsed with buffer 1 and buffer 2. After biotinylated anti-TSH a-subunit antibody (50 ml) was added and incubated at 37˚C for 1 h, the well was rinsed with buffer 1 and buffer 2. After the labeled SA-BSA-Eu 3+ solution (50 ml) was added to the well and incubated for 1 h at 37˚C, the well was rinsed 4 times with 0.05 M Tris-HCl buffer of pH 9.0 containing 0.05% Tween 20. After rinsing, the plate was subjected to fluorometric measurements.
For EIA of human serum TSH, an EIA kit, TSH-BMY, from Boheringer-Mannheim-Yamanouchi was used.
Results and Discussion
The calibration curve, sensitivity, and precision
The calibration curve of TSH is shown in Fig. 1 . The detection limit of the present method is 1.9´10 -3 mIU/ml. The detection limit (dl) is defined as dl=(3SD·C)/(I-I 0 ), where SD is the standard deviation of the background signal, C is the lowest measured concentration with its signal intensity I, and I 0 is the background signal. 21 The dynamic range is up to 100 mIU/ml. In Table 1 , the precision of measurement for the standard solutions is listed. All the RSDs are less than 7% with the average RSD of 4.91% for n=4, showing the high precision of the method.
Analysis of human serum samples
The precision of the analysis of human sera is tabulated in Table 2 . The RSDs are less than 10%. Table 3 shows the results of recovery obtained by adding standard TSH to human sera. Recoveries in the range of 85 to 105% are obtained.
The correlation between the present method and standard EIA
Twenty one human serum samples were analyzed both by the present method and EIA, and the result is shown in Fig. 2 . The good correlation of the two methods is expressed as (the present method)=0.942( EIA)+0.984 with the correlation coefficient of 0.992. 422 ANALYTICAL SCIENCES APRIL 1998, VOL. 14 
